Radial artery catheterization for the purpose of continuous blood pressure monitoring and frequent blood gas sampling is regularly performed in the emergency department (ED) and in the intensive care unit (ICU). In the operating room, anesthesiologists generally have the benefit of a conscious and cooperative patient, and the modified Allen's test can be performed before catheterization of the radial artery to assure adequate collateral circulation. In contrast, patients in the ED and ICU are frequently unable to follow commands due to sedation or to a significantly altered level of consciousness. Under such circumstances the modified Allen's test cannot be accurately performed and the radial artery is often catheterized without assessing the collateral circulation of the hand. ED and ICU patients are frequently hypotensive and are often being treated with vasoconstricting medication. Furthermore, many of these patients have peripheral vascular disease. Under these circumstances cannulation of the radial artery may carry a greater risk for causing limb ischemia. We discuss how pulse oximetry may be used to perform the modified Allen's test in these patients to evaluate collateral circulation and potentially reduce the risk of iatrogenic hand injury.
The Allen's test was first described in 1929 to evaluate the arterial blood supply of the hand in patients with thromboangiitis obliterans. 1, 2 In this test, complete arterial occlusion was accomplished by compressing the radial arteries of both hands simultaneously, while the patient clenched both fists tightly for one minute. Wright modified this test in 1952 to examine the adequacy of the collateral blood supply through the ulnar artery before cannulation of the radial artery. 3 In this modified test, the clinician compresses both the ulnar and radial arteries of the hand, while the patient repeatedly clenches the hand into a fist, causing the hand to blanch. The test is considered normal if the palm reddens less than ten seconds after release of pressure over the ulnar artery.
To use pulse oximetry in evaluation of hand collateral circulation, begin by placing the pulse oximetry probe on the patient's index finger. Next, the ulnar and radial arteries are compressed. The loss of the pulse oximeter waveform and oxygen saturation reading indicates that compression is adequate. Subsequent return of a pulse and oxygen saturation reading following the release of the ulnar artery indicates a positive test, i.e., adequate ulnar collateral circulation (see Figure 1) . Our experience has shown that this combination of pulse oximetery and the modified Allen's test produces a reliable and an unambiguous result. Usually, however, the pulse oximetery waveform resulting from release of the ulnar artery has a smaller amplitude than that of the initial pulse oximetery wave-form. We have noted that the oximetry wave amplitude varies according to choice of finger placement of the pulse oximeter probe-the amplitude is greater the closer the probe is placed to the patent arterial source.
The modified Allen's test, Doppler ultrasound, pulse oximetry, and digit blood pressure have all been used to assess the adequacy of collateral hand circulation. [4] [5] [6] [7] [8] Although only the laser Doppler provides a quantitative measurement of blood flow, all of these methods provide some information about collateral circulation. In a study of 1000 healthy patients without peripheral vascular disease assessed using the modified Allen's test, 49% were clearly normal (< 5 sec), 24% were intermediately normal (5-9 sec), and 27% were abnormal (≥ 10 sec); these results imply that it would be safer to cannulate another artery besides the tested radial artery in over a quarter of healthy patients. 9 However, the clinical significance of an abnormal modified Allen's test is unclear. It has been reported that vascular insufficiency caused by radial artery catheterization is a very rare occurrence. 10 A recent angiographic study of ICU patients with indwelling radial artery catheters for more than four days revealed that over half of the patients had either a partial thrombosis (57%) or a complete thrombosis of the radial artery (19%), but all of the thromboses were clinically asymptomatic with no signs of ischemia. 
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While some studies have also shown that catheterization of radial arteries in patients with an abnormal modified Allen's test (> 15 sec) did not lead to limb ischemia or produce any negative consequences, the applicability of these results to ED and ICU populations is questionable. [11] [12] [13] Most of the aforementioned investigations were performed in healthy individuals undergoing surgical procedures. [11] [12] [13] The study populations excluded patients with diabetes, peripheral vascular disease, or severe cardiopulmonary compromise, in contrast to typical ED and ICU populations. A study of 4932 ICU patients found the most common complication of arterial catheterization to be vascular insufficiency, occurring in 3.4% of medical ICU patients, and 4.6% of surgical ICU patients. 13 Many patients in the ED and ICU are at risk for complications secondary to hypoperfusion. Although no ED or ICU studies have been performed proving the utility of the combined pulse oximetry modified Allen's test, we believe that a normal test adds helpful information regarding the adequacy of collateral hand circulation. This test should be considered in unconscious or uncooperative ED and ICU patients requiring radial artery catheterization.
